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Abstract 
A public transit system consists of various components in which all must be considered together in order to develop an efficient 
and sustainable transit network. Providing convenient access to public transit enhances the service performance, reliability and 
will also result in higher public usage. Conventionally transit stop locations and spacing are determined based on aggregate 
measures of population density on a zonal basis using simple buffer analysis. This method has been criticized as inaccurate, as 
the population is rarely uniformly distributed over zones. In this research, transit stop access coverage is estimated using building 
geometric information accurately extracted from the LiDAR data collected in the City of Fredericton, Canada. LiDAR data is 
mostly used for flood hazard studies but can also be used for other purposes such as 3D building modeling. Through this 
approach building floorspace information and therefore a much more accurate measurement of transit stop coverage based on the 
building floorspace is obtained at disaggregate spatial level and compared with the conventional buffer-density approach through 
a real example in the City of Fredericton. Overall, it is found that this approach can provide transit planners with much more 
improved building and population distribution information at a very precise spatial level, in order to set the transit stops at their 
optimal locations.  
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1. Introduction 
One of the main criteria for evaluating the performance of transit service is its availability to users (Henk and 
Hubbard, 1996). Transit availability is assessed using several measures, including proximity to a transit stop which 
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determines the ease of physical access.  Accessibility is stated as the main aim of transportation. No matter how 
frequent bus service is available at a stop, most users are willing to use the bus service only if the closest bus stop is 
located at a reasonable distance from their origin or destination (Kim et al., 2005).  
Accessibility, availability and reliability of public transport are of the most important factors in gaining public 
trust and developing higher public transit usage. A public transit system consists of various components in which all 
must be considered together in order to develop an efficient and sustainable transit network. One of these 
components is identifying the ideal location of the bus stop in order to ensure the optimal population coverage and 
convenient access to the stop. Choosing an optimal location for a bus stop can help achieve the goal that a large 
fraction of the population assumed to be covered has sufficient and suitable access to public transit (Holtzclaw, 
1996). Limited study has been devoted to this issue and the conventional methods are frequently used in application. 
2. Bus Stop Access Coverage 
Transit coverage is one of the main criteria in choosing the location of a bus stop. A strong coverage measure can 
help identify the optimal location of a bus stop, which will in turn increase the access to public transit. 
Conventionally, bus stop access coverage has been estimated using a buffer analysis of the bus stop location. In this 
approach, a circle with a threshold radius of 400 meters is drawn and it is assumed that the major users of a certain 
transit stop are located within a 400 meter radius (Levinson, 1992). According to population density and the area of 
a zone, the buffer covers an estimated portion of the population within the zone having convenient access to the bus 
stop is reached. This approach has been previously criticized as being naive and to cause errors in estimating the 
actual coverage (Foda and Osman, 2010). 
There are two major issues associated with the conventional approach. First issue is that considering a simple 
circular buffer, as shown in Fig. 1 around the bus stop can overestimate the coverage by ignoring the road network 
as the means of accessing the stop. Secondly, population density maps at zonal level assume a uniform population 
distribution and thus overlook high or low density locations at parcel level.     
 
Fig. 1. Bus Stop coverage using the conventional buffer method 
For bus stop location evaluation and route design purposes, population density data is essential. The data for this 
purpose can be accessed through the national Census or planning departments. This data is usually available at DA 
level. In other words, Census provides urban related data at an aggregate level. Using zonal density values for this 
purpose can be misleading in some cases. This is mainly because that, in zones with large amount of unbuilt land, 
even with a high population, average zonal density values are still low, which may mislead bus route planners as 
where to locate bus stops.  
Bus stop locations and transit routes are generally determined considering both traffic related issues and 
passenger access from major demand generators. Buildings as the containers of socioeconomic activities are the 
main generators of transportation demand. Therefore, bus stops should be conveniently located near buildings with 
high trip demand. Locating the stops intelligently will encourage public transit usage and provide easier access for 
frequent users.  
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In this study, a disaggregate approach for identifying the optimal location of a bus stop is introduced using 
LiDAR data. In this approach, building geometric information is extracted using LiDAR data at an individual level 
and compared to the conventional density based approach in calculating the transit coverage through a practical 
example.  
In the next section, LiDAR data is briefly explained followed by the study data and methodology section. Then 
building extraction results using LiDAR data are presented. Study results are discussed in Section 6 and finally the 
conclusions and recommendations are offered at the end of this paper.  
3. LiDAR Technology 
LiDAR (Light Detection and Ranging) makes use of laser light in order to measure the distance to and from its 
target, and can provide accurate x, y and z measurements. As shown in Fig. 2 the returning light is post-processed 
and along with the three dimensional points of the illuminated object, other attributes are also recorded for each 
laser pulse. The data collection method using airborne LiDAR is an effective and accurate way of producing digital 
surface and elevation models (DSM & DEM) for relatively large areas. LiDAR products can provide cost effective, 
horizontal and vertically accurate elevation data sets. These data sets have many applications, such as detection of 
natural and man-made elements, and provide the opportunity for 3D modeling of the identified objects.  
 
 
Fig. 2. Lidar data collection functionality (Isenburg, 2008) 
4. Study Data & Methodology 
As a case study, a section of the City of Fredericton is considered for the proposed analysis.  For this purpose 
several layers of GIS information along with population information from Census is required. The city of 
Fredericton under study provides population data at DA level. A GIS layer of the DA segmentation of the city is 
also provided along with raw LiDAR data used to extract building information. All GIS layers are readily available 
to be used directly into a GIS platform except for the building information which requires to be extracted from raw 
LiDAR data. The extraction procedure is explained briefly in the following section.     
The building geometrics are extracted from LiDAR data using a software package called LasTools. LasTools 
consists of many tools for LiDAR data processing (Isenburg, 2008) freely available for research purposes. The 
LiDAR data provided for this project is available in 13 separate files. After merging all files the classification 
procedure is followed in which each point is classified as building, ground or vegetation. This phase is accompanied 
by identifying the bare earth points and point heights (using lasheight and Lasground). Lasclassify tries to find 
neighboring points that are at least 2 meters above the ground. The feature extraction algorithm identifies features 
mainly based on their height and return number (Morgan and Tempeli, 2000). For example, if a set of points 
positioned closely next to each other create a relatively planar surface with low roughness then these points will be 
classified as buildings.   
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5. Building Extraction Results 
Having classified the raw LiDAR data the results can be visualized using color classification. A sample of the 
results is brought in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Sample color classified LiDAR data 
 
By using ArcGIS, it is possible to obtain each building’s geometric attributes such as the maximum and 
minimum height, building footprint area or the height of any point of the building desired. The number of stories in 
each building is calculated using a 3m threshold for each story height. The total floorspace of a building is therefore 
obtained by multiplying the number of stories calculated by the building footprint.  
6. Analysis and Results 
By utilizing building height and area information, we are able to develop a better understanding of population 
density at a far disaggregate (parcel) level. In this section, a comparison is conducted between the conventional 
buffer method, which considers the percentage of the population believed to be covered in each zone of a chosen bus 
stop, and the new method that explicitly counts the fraction of the floorspace under coverage using the proposed 
approach in this study. For this purpose, a bus stop located near Montgomery-York intersection of the City of 
Fredericton is chosen. The population densities of the zones serviced by the stop are obtained and the corresponding 
color graduated map is created as shown in Fig. 4. As shown in Fig. 5, a 400 meter circular buffer is drawn with the 
bus stop in the center and the common area in which the circular buffer and DA zones overlap are obtained in the 
ArcGIS platform. It is important to point out that in urban areas the access to a bus stop is only possible through the 
street network. In other words if the evaluation is based upon a 400 meter walk then this amount should be reached 
by means of traversing through the street network. Therefore, the total floorspace quantity in a convenient vicinity 
(400 meter pedestrian access) of the bus stop is calculated and a coverage percentage value is obtained by dividing 
this value by the total floorspace available in the zone. In Table 1, the floorspace, area and density values of each 
zone covered by the bus stop are presented. The first column displays the total area of each zone followed by the 
total population of each zone. Using the first two columns the third column is created which is the population 
density in each zone. The fourth column is the area of the zone covered by the stop buffer and the fifth column is the 
total floorspace covered by the buffer circle. The last column is the fraction of the population of the zone covered by 
the buffer obtained using columns three and four. Table 2 provides a comparison of the two methods in terms of the 
percentage of the population and floorspace covered in each zone.  
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Fig. 4. Population density gradient map 
 
 
Fig. 5. Left: Buffer coverage of the stop under study. Right: 400 meter access through the road network shown in red 
 
Table 1. Population and floorspace coverage having access to the transit stop 
DAUID Total Area 
(m2) 
Population Zone Population 
Density 
(Person/km2) 
Area Under 
Coverage by Bus 
Stop (m2) 
FloorSpace Under 
Coverage (m2) 
Population Coverage by 
Density (Conventional 
method) 
13100217 321688 530 513.83 216,000 27908.4 356 
13100222 258394 465 566.25 105,652 23135.0 190 
13100223 186876 575 435.23 77,652 23534.7 239 
13100216 275200 525 351.56 100,000 11795.1 191 
 
Table 2: Coverage percentage comparison 
DAUID Coverage Percentage by Area (%) Coverage Percentage By FloorSpace (%) Absolute Percentage Error 
(APE) 
13100217 67.1 27.9 39.2 
13100222 40.9 27.2 13.7 
13100223 41.6 48.0 6.4 
13100216 36.3 30.8 5.5 
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Fig. 6. Bar chart comparison of coverage percentage by area and floorspace 
 
As the final results indicate, the population percentage of each zone covered by the stop obtained from the 
conventional method is in general significantly different from that calculated through the proposed method based on 
the floorspace coverage. For example, in Zone 13100217 the conventional circular buffer method suggests a 67% 
coverage of the zone whereas, the proposed floorspace method shows that only 27% of the total floorspace of that 
zone is covered by the stop. Zone 13100217 is a rather small zone with relatively consistent parcel density and is 
categorized as a residential zone. Therefore assuming that 67% of the population of this zone are living in 27% of 
the total floorspace cannot be true. The comparison of other zones also approve that estimating bus stop coverage 
based on the aggregate zonal density values are very different from the results of the proposed method. In three out 
of the four zones, the conventional ideal coverage measure is overestimating the coverage by an average of more 
than 16%, when compared to the proposed approach.  
Floorspace quantities, extracted from LiDAR data provide a disaggregate measure of coverage. Unlike the 
conventional method, this method does not naively consider population distribution to be consistent throughout the 
zone. The proposed method explicitly considers where the buildings and thus population are, and therefore it is a 
much more objective and accurate estimation method than the conventional one. In this regard, the coverage 
measure based on floorspace provides a more realistic overview of the bus stop coverage.  
7. Conclusions  
The main aim of this study is to introduce an improved measure and method of estimating bus stop coverage and 
therefore helps better locate bus stops. Conventionally, transit coverage evaluation and bus stop location has been 
pursued through a circular buffer analysis and by assuming a homogeneous population distribution and using an 
average zonal density. One of the utilities of LiDAR data is to extract building information at individual building 
level with a high accuracy. The extracted building/floorspace information at parcel level provides detailed and exact 
information of the existing built infrastructure for a more accurate estimate of bus stop coverage. Through a sample 
case study, the coverage estimated using the conventional buffer-density analysis is compared to the proposed 
floorspace coverage approach. The results clearly show that the buffer-density method, in general, either 
overestimates or underestimates the bus stop coverage. Building information extracted from the LiDAR data can 
assist transit planners in evaluating the location of transit stops based on spatial distribution of buildings and 
floorspace rather than a “naïve” buffer-density approach. Locating bus stops at their most efficient locations and 
thus increasing coverage will increase the usage of public transport, the revenue of bus transit companies, comfort 
and convenience of passengers and contribute to a more sustainable transportation system. 
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